Introduction: Small for gestational age (SGA) newborns show an increased risk of several diseases such as short stature, childhood obesity , Eliminar la com and metabolic comorbidities.
Introduction
Childhood obesity is defined as a risk of early morbidity and mortality resulting from the excessive accumulation of adipose tissue. 1 Similarly, and as is the case of other chronic diseases, multiple factors that influence the intrauterine environment and the first years of extrauterine life have an impact on obesity. Thus, suboptimal nutrition or undernutrition in utero, nutritional practices in the first months of life and weight gain in early childhood may play a relevant role in the development of obesity and of metabolic disorders in future stages of life. 2 The term small for gestational age (SGA) refers to a newborn whose weight or length is 2 or more standard deviations (SDs) below the mean for sex and gestational age in the reference population. 3 Since this definition is solely based on neonatal anthropometric measurements, infants born SGA constitute a highly heterogeneous group with a broad range of possible aetiologies (fetal, maternal, placental, etc.). 4 While the term encompasses both newborns with low birth weight and newborns with low birth length, it may be useful to differentiate 3 groups among infants born SGA: low birth weight, low length, or both low weight and low length (z-scores). 5 This classification could help to guide the aetiological diagnosis and to assess the risk of future comorbidities.
It is estimated that between 2.3% and 10% of children are born SGA. 6, 7 Most of them exhibit spontaneous catch-up growth by 2 years of age and a small proportion between 2 and 4 years of age, but approximately 15% do not experience this catch-up growth, which is an accepted indication for recombinant human growth hormone (rhGH) replacement therapy.
Among the children born SGA that experience spontaneous catch-up growth, those born with low weight following a period of fetal growth restriction are more likely to develop a higher proportion of body fat content in the first years of life in the context of the rapid weight gain of the catch-up process compared to children that have anthropometric measures appropriate for gestational age at birth. 8 This ''adiposity rebound'', which occurs earlier compared to its usual timing in childhood, 9 involves a higher risk of future obesity and the associated metabolic complications (involving both carbohydrate and lipid metabolism). These findings overlap to a certain extent with the patterns observed in children born preterm, in whom it has been demonstrated that rapid weight gain during early childhood, even in the first few weeks after birth, can lead to hypertension, obesity and related disorders before the third decade of life. 10---13 Nutritional imbalances during intrauterine life and in the period following birth can have an impact not only on body composition 14 but also on linear growth in the short and the long term, 15, 16 which may be due to restricted growth during the fetal period, the process of postnatal catch-up growth, or both. Generally, childhood obesity is associated with a more rapid prepubertal growth and a variable degree of advancement in bone maturation. 17 However, when it comes to patients with a history of SGA, it would be fair to assume that this growth pattern could be influenced and modified by the potential deleterious effect on linear growth of fetal growth restriction.
To date, many studies have assessed the postnatal growth patterns and the future risk of obesity and associated comorbidities in children born SGA. In comparison, the inverse association has been a much less frequent subject of study, that is, the importance of the anthropometric factor of having a history of SGA in the management of obese children or adolescents, in terms of both the development of metabolic comorbidities and linear growth.
The aim of our study was to analyse the impact over time of a history of SGA (determined based on neonatal anthropometric measurements) in a large cohort of obese children and adolescents on their anthropometric characteristics (height and severity of obesity) and metabolic characteristics, comparing them to patients born with anthropometric measurements appropriate for gestational age (AGA).
Patients and methods
Our study included 883 patients (415 [47%] female and 468 [53%] male) with obesity (BMI > + 2 SDS for age and sex, using the growth tables of Hernández et al. as reference 18 ) managed at a tertiary care hospital, excluding patients with syndromic or secondary obesity or with underlying disease.
In this cohort, 810 of the patients had neonatal anthropometric measures that were appropriate for gestational age (AGA defined as z-scores for birth weight and length between −2 and + 2) and 73 had been born small for gestational age (SGA defined as z-scores for birth weight or length < −2) using the population data published by Carrascosa et al. 19 as reference; these were the 2 groups compared in the study. We excluded patients with syndromic or secondary obesity or with underlying disease from the overall sample, and in the SGA group, we excluded patients that did not exhibit catch-up growth, or with rhGH replacement therapy. On the other hand, we did not exclude patients born preterm (gestational age < 37 weeks), which amounted to 8.2% of the SGA group and 7.9% of the AGA group. Table 1 summarises the characteristics of patients in the SGA and AGA groups.
For all patients, we recorded the chronological age at onset of obesity, and in the first related medical visit, recorded the weight, height and BMI (standardized adjusting for age and sex), 18 waist circumference and pubertal stage. 20 We estimated bone age based on X-rays of the left hand and wrist (Greulich and Pyle [GP] method), predicted the final height (Bailey-Pinneau [BP] method) and compared it to the genetic height potential (modified mid-parental height [+6.5 cm for boys and −6.5 cm for girls]). We carried out a prospective followup of linear growth over 5 years, recording the final height of those patients that reached it during the study (n = 104).
We collected blood samples from patients following a 12-h fast to measure the following serum levels: glucose, insulin (chemiluminescent immunoassay, Liaison An oral glucose tolerance test (OGTT) was performed in 569 patients (45 born SGA and 524 AGA) with administration of 1.75 g glucose per kilogram of body weight to a maximum of 75 g and measurement of glucose and insulin serum levels at 30, 60 and 120 after ingestion of the glucose. We calculated the receiver operating characteristic (ROC) area under the curve (AUC) of the glucose and insulin levels (AUC: 0.25 × baseline value + 0.5 × 30 min value + 0.75 × 60 min value + 0.5 × 120 min value) and the Whole-Body Insulin Sensitivity Index (WBISI: 10 000/square root ([glucose × insulin] × [mean glucose in OGTT × mean insulin in OGTT]). 21 We performed the statistical analysis of the data using SPSS ® version 15.0 for Windows (MapInfo Corporation; Troy, New York, United States). We have expressed the values of the different variables as mean ± standard deviation or median ± SD for values that were standardised based on data for a reference population. We defined statistical significance as a P-value of less than 0.05. For normally distributed variables, we compared the means of two groups using the independent sample t test (after verifying the normal distribution of the data by means of the Kolmogorov---Smirnov test). When the assumption of normality was not met, we used the Mann---Whitney U test to compare the two groups. We compared nonparametric paired samples by means of the Wilcoxon rank test.
The protocol of the study and of patient recruitment was approved by the Ethics Committee of the hospital as part of a research project funded by the Fondo de Investigación Sanitaria of the Instituto de Salud Carlos III, and adheres to the ethical principles for medical research involving human subjects established in the Declaration of Helsinki by the World Medical Association. We obtained the informed consent of the parents or legal guardians of all participating patient, as well as the assent of participants aged more than 12 years.
Results
We did not find significant differences in the distribution of sex, pubertal stages and ethnicity between the SGA and AGA groups, and the mean BMI SDS was similar in both groups (Table 1) .
Metabolic comorbidities
Patients with obesity born SGA had significantly higher serum levels of glucose and HbA1c and HOMA-IR values, and greater AUCs for both glucose and insulin with a lower WBISI in the OGTT compared to patients with obesity born AGA (Fig. 1) . Furthermore, patients with anthropometric measures consistent with SGA had higher levels of circulating triglycerides and higher triglyceride-to-HDL cholesterol ratios ( Fig. 1) and lower serum vitamin D levels compared to patients born AGA (Table 1) . Applying the criteria for the definition of metabolic syndrome (MS) proposed by the International Diabetes Federation, 22 in the subset of patients aged more than 10 years with a waist circumference above the 90th percentile for age, sex and ethnicity, 94 patients met the criteria for MS (10.6%), corresponding to 12 in the SGA group (16.4%) and 82 in the AGA group (10.1%), although this difference in prevalence between groups was not statistically significant.
Linear growth and bone age
The mean standardised height in the AGA group was higher compared to the SGA group (P < .001), but so was the standardised target height (P < .05) ( Table 2) . For this reason, we compared the linear growth parameters in each group relative to the target height of the patients. In so doing, we found that all patients had a height z-score significantly above their target height both overall (mean, +1.31; SD, 1.27), and in each group (SGA: +1.00 ± 1.41; AGA: +1.34 ± 1.26) (P < .001 in all comparisons), although this difference was significantly greater in the AGA group compared to the SGA group (P < .05) ( Table 2) (Fig. 2) .
Furthermore, we found a significantly advanced bone age relative to chronological age both in the overall cohort (+0.84 ± 1.10 years) and in the two groups (SGA, +0.89 ± 1.17 years; AGA, +0.84 ± 1.09) (P < .001 in all comparisons), although in this case we did not find a difference in the extent of the advancement between the SGA and AGA groups. For this reason, the predicted final height (BP) exceeded the target height in patients born AGA (P < .001) but not in patients born SGA (Table 2 ; Fig. 2) .
At the end of the 5-year follow-up, we had been able to record the final height (growth velocity < 1 cm/year in the previous year) of 104 patients, corresponding to 5 in the SGA group and 99 in the AGA group. Consistently with the differences between groups in the predicted final height, the mean difference between the final height and the Figure 2 Bar charts presenting the values of variables used to assess growth and bone age in patients with a history of born AGA or SGA. Data expressed as mean ± standard deviation. AGA, patients born with anthropometric values appropriate for gestational age; BP, predicted final height estimated with the Bayley---Pinneau method; SGA, patients born with anthropometric values small for gestational age; V1, height in the first visit; z, z-score.
target height was of +1.01 ± 5.31 cm (z-score difference, +0.17 ± 0.91) in the AGA group and −4.93 ± 9.74 cm (z-score difference, −0.81 ± 1.62) in the SGA group.
Discussion
Our study, conducted in a large cohort of patients with obesity, found an association between a history of SGA and greater severity of metabolic comorbidities (insulin resistance and triglyceride levels) as well as poorer final height outcomes relative to the target height compared to patients with obesity of similar severity born AGA.
Low birth weight is one of the main causes of morbidity in the neonatal period and, along with postnatal catch-up growth, is associated with an increased risk of diseases later in life. Chief among these diseases are abnormalities in body composition, and it is known that greater weight gain in early childhood is associated with an increased risk of central adiposity. 23, 24 In children born SGA in particular, there is evidence of increased accumulation of visceral and hepatic fat at age 6 years compared to children of the same age and similar BMI born AGA, 25 and it has been hypothesised that catch-up growth after intrauterine growth restriction results in increased adiposity during nutrition therapy that may in itself favour the development of insulin resistance due to an accumulation of fat mass as opposed to development of lean mass. 4, 26 It is likely that this increased adiposity, possibly predominantly visceral, plays a relevant role in the differences in metabolism observed between groups in our cohort in patients with similar BMI z-scores. Our findings of greater severity of insulin resistance and higher levels of triglycerides in patients with a history of SGA are consistent with previous reports of an inverse correlation between birth weight and the prevalence of insulin resistance and MS in children and young adults, 27 which was also suggested by the increased prevalence of MS observed in our study in the SGA group compared to the AGA group. Furthermore, the increased resistance to the activity of insulin in relation to extrauterine weight gain during catch-up growth is an early feature that can be identified in the first 2 years of life, and their association is further supported by the fact that this insulin resistance is observed nearly exclusively in children born SGA that experience spontaneous catch-up growth as opposed to children born AGA or children born SGA that do not exhibit catch-up growth. 28 Another relevant finding was that 25-hydroxyvitamin D levels were lower in the patients born SGA, which is consistent with the hypothesis that being born SGA is a risk factor for vitamin D deficiency. 29, 30 Furthermore, since this vitamin is fat-soluble, the higher proportion of body fat in patients born SGA (relative to individuals born AGA of similar BMI z-scores) could be related to the differences found between the two groups under study. 31 At any rate, given the many factors that influence circulating levels of vitamin D, especially in obese individuals, we ought to acknowledge the complexity involved in the analysis of these differences, especially taking into account relevant limitations, such as the variability in the seasons when blood samples were obtained from patients (we did not document the season of sample collection in our study, which is one of its limitations), which may be particularly significant in a cohort this large recruited over such a long period of time.
One novel aspect of our study is the assessment of the impact on growth of the combination of 2 medical conditions (anthropometric values consistent with SGA and childhood obesity) that have opposing effects on it. Thus, children born SGA tend to exhibit shorter heights during childhood and adolescence and achieve shorter final heights, 32 while obese children usually experience more rapid prepubertal growth associated with an acceleration of bone maturation of varying degree that may result in a final height that nears or slightly exceeds the target height. 17 The group of patients with obesity in our cohort seems to fit the latter growth pattern (all of them, whether born SGA or AGA, exhibited a height z-score in excess of the target height as well as advanced bone age), although the history of SGA involves a lesser degree of ''overgrowth'' relative to the target height compared to patients born AGA, which, combined with an equal degree of acceleration of bone maturation, makes the predicted height of individuals born SGA (relative to the target height) shorter compared to individuals born AGA, which was corroborated by the height outcomes of patients that achieved their final heights in our cohort.
It is likely that this finding is largely attributable to the process of recovery from the prenatal growth abnormalities, which may reduce the probability of children born SGA achieving a final height consistent with final heights in their family proportionally to how short their length is at birth. In addition, patients born SGA exhibit abnormalities in the adrenal and gonadal axis during prenatal development that may lead to abnormalities in adrenarche 33 and pubertal development, 34, 35 resulting in more rapid pubertal growth which, combined with the rapid bone maturation, may in turn lead to final heights below the target height. 36 In conclusion, our findings in a large cohort of obese paediatric patients suggest an association between the anthropometric factor of a history of SGA, a shorter predicted height and more severe disorders of lipid and carbohydrate metabolism in comparison with patients with obesity born with anthropometric measures AGA.
